HIV Tat 
HIV-1 infection of cells triggers de novo synthesis of viral gene products and causes altered expression of a variety of cellular genes. These effects are mediated by the HIV-1 encoded protein Tat, which transactivates the viral long terminal repeat (LTR) and various cellular genes (1) (2) (3) (4) (5) (6) (7) . Tat is also a repressor of some cellular genes (8) (9) (10) . In particular, it was reported that Tat represses in vivo transcription of major histocompatibility (MHC) class I genes, whose products play a pivotal role in immune surveillance against viral infection (11, 12) . Indeed, HIV infection reduces cell surface expression of class I molecules (ref. 13 
and unpublished observations).
Two forms of Tat are generated through alternative splicing (6, 14) . One form, encoded by a one-exon transcript, is 72 amino acids in length whereas the other, encoded by a two-exon transcript, has an additional C-terminal domain and varies in length between 86 and 101 amino acids, depending on the viral isolate. Both Tat variants transactivate the LTR efficiently, but only the two-exon derived Tat is capable of repressing MHC class I gene transcription (11) . Indeed, the second-exon encoded peptide of Tat is both necessary and sufficient for repression: N-terminal domains in the Tat protein that are required for transactivation are not required for repression of MHC class I transcription in vivo (15) . Thus, Tat is a bifunctional protein, with distinct domains that mediate repression of the MHC class I promoter and transactivation of the viral LTR.
The mechanisms of Tat-mediated activation and repression are not fully understood. Tat transactivation of the viral LTR depends on both recruitment of the TATAA binding protein (TBP) and interaction with the viral TAR sequence (6, 14, 16) . Tat binds to TBP through residues contained within the first exon; mutation of these residues eliminates transactivation (17) . In addition, Tat interacts with a variety of cellular factors (17) (18) (19) (20) , some of which contribute to transactivation.
Significantly less is understood about the mechanism of Tat repression of cellular gene expression. Although the presence of HIV Tat in vivo reduces MHC class I promoter activity in a variety of cell types (12) , it is not known whether this repression results from a direct effect of Tat on the class I promoter or from an indirect effect through its activation of other genes. It is known that Tat targets the MHC class I basal promoter for repression but that it does not bind to DNA directly (12) . Furthermore, repression is observed only in the presence of Tat's second exon peptide and does not require the TAR sequence to be associated with the target promoter (11) . Together, these observations suggest that the mechanism of Tat-mediated repression is distinct from that of transactivation.
The studies reported here were designed to elucidate the mechanism of Tat repression and to identify any cellular factors with which Tat may interact in repressing MHC class I transcription. We report that Tat interacts with TAF II 250, a component of the general transcription factor, TFIID, resulting in repression of MHC class I transcription in vitro. Tat binds to the histone acetyl transferase (HAT) domain of TAF II 250, inhibiting its activity. Further, we find that there is a correlation between promoter dependence on TAF II 250 and susceptibility to Tat-mediated repression. These observations provide a possible mechanism for Tat repression through its binding to TAF II 250.
MATERIALS AND METHODS
Cell Lines and Plasmids. The human HeLa cell line, the Syrian hamster cell line BHK-21, and the derived cell line tsBN462 were grown as described (12, 21, 22) . The reporter constructs containing the GAL4 binding sites with the TATA element from the AdMLP, the Inr element from the TdT, or both, as well as the priming oligonucleotide, were reported (23) . The MHC class I promoter construct, 313CAT, consists of 313 bp of 5Ј flanking sequences derived from the swine class I gene PD1 ligated to the CAT reporter gene (11) . The two-exon Tat proviral construct, pNL-⌬⌬, which encodes only Tat86, and the control proviral construct, pNL-AO, which does not encode any Tat, were as described (11) .
The Gal4-Tat 67-101 vector was constructed by cloning the HindIII-SalI fragment of pSV2Tat into the SmaI͞SalI sites of the pAS1-CyH2 yeast expression vector. The resulting Gal-Tat fusion protein expresses the 30 carboxy-terminal amino acids
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0027-8424͞98͞9511601-6$0.00͞0 PNAS is available online at www.pnas.org. of Tat 101 derived from SF2 strain of HIV. PAS1-CYH2 was a kind gift from S. Elledge and W. Harper (Baylor Univ.) (24) . The Gal4 activation domain-mouse spleen cell cDNA fusion librar y was generated as described (25) . The pCMVHAXhTAF II 250 plasmid was a kind gift from R. Tjian (Univ. of California, Berkeley). The glutathione S-transferase (GST)-Tat 101 plasmid was a kind gift from T. Jeang (National Institutes of Health). The K41T mutation of Tat 101 was as described (15) . GST-Tat67-101 was made by PCR amplification, inserting 5Ј BamHI and 3Ј EcoRI sites, from a Tat 101 template, and insertion into the pGEX2T vector.
Transfections. HeLa cells (8 ϫ 10 5 ) were transfected by the calcium phosphate technique, as described (12), with 5 g of Gal4 promoter constructs, 1-2 g of the GalSp1 or GalVP16 expression vectors, and 10 g of pNL-A0 or pNL-⌬⌬ Tat expression vectors. RNA was prepared from transfected cells by using STAT-60 (Tel-Test, Friendswood, TX) according to the manufacturers' directions. tsBN462 cells and control BHK hamster cells were transfected by calcium phosphate. After transfection, cells were left at 32°C for 24 hr and then either were shifted to 39°C (restrictive temp) or were left at 32°C (permissive temperature) and were harvested after 16 additional hr. DNA concentrations used were 5 g of the class I promoter constructs pSV2CAT or pSV3CAT; 200 ng RSV luciferase was used as a transfection efficiency control. CAT assays were as described (12) and were normalized to luciferase activity.
Yeast Two-Hybrid Screening. Saccharomyces cerevisiae strain Y190 was transformed sequentially with the pAS-CHT2-Tat 67-101 bait vector and a mouse spleen cDNA library (25) in the GAL4 activation domain vector according to the protocols described for the Matchmaker yeast two-hybrid system (CLONTECH). Preliminary experiments demonstrated that the GAL4-Tat 67-101 fusion did not activate in the absence of the GAL4 activation domain in the yeast two-hybrid assay (data not shown). Approximately 3 ϫ 10 7 cDNA clones were transformed into Y190 cells carrying the GAL4-Tat 101 construct and were plated on selection medium lacking Trp, Leu, His and 50 mM 3-aminotriazole. After Ϸ1 week at 30°C, four clones expressing His3 and ␤-galactosidase activity were identified. Plasmid DNA from positive clones was recovered by standard method (CLONTECH) and were sequenced on the Applied Biosystems automated Sequencer. DNA sequence analysis and homology searches were by the algorithm of Altschul et al. (26) .
Production of TAF II 250 and GST Pull Downs. The HincII fragment of TAF II 250 cDNA cloned into pcDNA3 (1 g͞50 l reaction) was translated in vitro in the TnT Coupled Reticulocyte Lysate System (Promega) from the T7 polymerase promoter with 35 S methionine (Amersham). GST-agarose beads (Pierce) were prewashed in 15 ml of cold BB (20 mM Hepes, pH 7.9͞100 mM KCl͞12.5 mM MgCl 2 ͞0.1 mM EDTA͞0.1 mM DTT͞0.2% Nonidet P-40͞17% glycerol) with 0.5 mg͞ml of BSA, were spun at 1500 rpm, and were resuspended in 1 ml BB without BSA. For pull-downs, 5 g of GST fusion protein was combined with 10 l reaction mix of 35 S-TAF II 250 fragment and 30 l prewashed GST-agarose beads (50% slurry); the final volume was adjusted to 200 l. The reaction was incubated for 2 hr at 4°C. Beads were washed twice with Wash Buffer (50 mM Tris⅐Cl, pH 7.9͞150 mM NaCl͞0.2% Nonidet P-40), and samples were resolved on reducing SDS͞PAGE gels and were quantified by PhosphorImager (Molecular Dynamics).
HA-tagged full length TAF II 250 was prepared from recombinant baculovirus-infected High5 cells (Invitrogen) by one cycle of freeze͞thaw in Buffer B (20 mM Tris⅐Cl, pH8.0͞5 mM MgCl 2 ͞ 10% glycerol͞0.1% Nonidet P-40) supplemented with 420 mM KCl, 1 mM phenylmethylsulfonyl fluoride, 20 g͞ml aprotinin, 5 g͞ml leupeptin, and 10 g͞ml pepstatin. For pull-down experiments, 5 g of the GST fusion proteins were incubated with 100 l of High5 extracts expressing HA-hTAF II 250 and 30 l glutathione Sepharose 4B beads (Pharmacia; 1:1 slurry) at 4°C for 60 min. Beads then were washed and resuspended in 2ϫ SDS͞ PAGE gel loading buffer, and eluates were analyzed as described below for HeLa nuclear extracts.
For analysis of HeLa cell nuclear extracts, 250 g of nuclear extract were incubated overnight at 4°C with equal amounts of GST, GST-Tat 101 , or GSTTatK41T bound to agarose beads. Proteins were eluted in sample buffer at 95°C, were subjected to SDS gel electrophoresis, and were transferred to nitrocellulose membranes. After blocking with 5% dried milk in PBS, the blot was incubated with 10 g of anti-TAF II 250 antibody (Santa Cruz Biotechnology) in 5 ml of Blotto (5% dried milk, TBS-T) (Santa Cruz Biotechnology) for 1 hr, was washed twice in TBS-T, and was incubated for 2 hr with goat anti-mouse horseradish peroxidase conjugated anti-mouse IgG (Santa Cruz Biotechnology) at 1:2000 dilution in TBS. The filter was washed three times with TBS-T and was developed with enhanced chemiluminescence reagents.
In Vitro Transcription and Primer Extension Assay. The in vitro transcription reaction containing 2 g of 313CAT, 6 mM MgCl 2 , 0.8 mM dNTPs, and 30 units of HeLa nuclear extract (Promega) in 20 mM Hepes (pH7.9), 100 mM KCl, 0.2 mM EDTA, 0.5 mM DTT, and 20% glycerol in a total of 25 l was incubated at 20°C for 60 min. Where indicated, eluates of GST, GST-Tat 101 , or GST-TAT 67-101 , containing between 0.25 and 0.75 g, were added, keeping the total reaction volume constant. GST-mTAF II 250 derived from the mTAF II 250 HincII DNA fragment was added at concentrations up to 1.5 g.
Primer extension reactions were used to monitor both transfections and in vitro transcription, as follows. RNA (10 g from transfected cells or all of in vitro transcription reaction) was resuspended in H 2 0 and was reprecipitated with 10 ng of 32 P-labeled extension oligonucleotide primer. Pellets were resuspended in 10 l of 1ϫ buffer B plus DTT (50 mM Tris⅐Cl, pH 8.3͞75 mM KCl͞3 mM MgCl 2 ͞10 mM DTT) and were hybridized 90 min at the hybridization temperature; hybridization temperature for the TK oligonucleotide (sequence: GGGGTACGAAGCCATACGCG) was 62°C and for the CAT oligonucleotide (sequence: GGTGGTATATCCAGT-GATTTTTTTCTCCAT) was 60°C. Then, 40 l of reaction mix (1ϫ buffer B plus DTT with 0.5 mM dNTPs) and 200 units Superscript II reverse transcriptase (GIBCO͞BRL) were added. The samples were incubated at 42°C for 60 min, were precipitated and resuspended in formamide loading dye, were heated at 75°C for 3 min, and were resolved on an 8% denaturing acrylamide gel.
HAT Assay. The HAT assays were performed and processed as described in ref. 27 as a modification of Brownell and Allis (28) with 0.5-1.0 g histones H3͞H4 or 1 g HeLa nuclear histone octamer and varying amount of GST, GST-Snap23, GST-TAT 101 , or GST-TAT 67-101 . Alternatively, HAT assays with histone H3 and increasing amounts of GST or GST-TAT 101 were resolved on 18% SDS͞PAGE gels, were processed, and were quantified by phosphorimaging.
RESULTS
HIV Tat Binds To TAF II 250. Because Tat targets the basal class I promoter but does not bind to DNA directly (12), we surmised that repression of transcription results from the interaction of Tat's C-terminal domain with cellular factors. To identify such factors, a yeast two-hybrid screen was performed by using a fusion of the C-terminal peptide of Tat and the GAL4 DNA binding domain (GAL4-Tat 67-101 ). The Cterminal domain of Tat was used as bait to avoid isolating any of the cellular factors (including TBP, RNA polymerase II, and TAF II 55) known to bind the N-terminal transactivation domain of Tat (17) (18) (19) . To further increase the possibility of only isolating factors involved in repression, a mouse spleen cDNA library was screened. In mouse cells, Tat represses class I transcription but does not transactivate the HIV LTR (15), so Tat-interacting cellular factors involved in repression should be identified preferentially in a mouse cDNA library.
Three clones were isolated that depended on the presence of the GAL4-Tat 67-101 fusion protein to generate ␤-galactosidase activity; neither the Gal4 DNA binding domain vector (pAS-CHY2) alone nor an unrelated Gal4-syntaxin5 construct yielded prototrophic, ␤-galactosidaseϩ colonies in conjunction with the cDNA clones (data not shown). Two of the clones contained a 1,299-bp insert with a 433-aa ORF. The DNA sequence was homologous to the TAF II 250 genes of various species: 91% to human, 94% to hamster, and 69% to drosophila [data not shown; the sequence has been deposited in the GenBank database (accession no. AF022178)]. The encoded peptide is 99% homologous to human TAF II 250 and 61% homologous to drosophila TAF II 230, leading to the conclusion that it is a fragment of mouse TAF II 250 (mTAF II 250) (Fig. 1) and that it specifically interacts with the second-exon Tat peptide 67-101 in vivo in yeast.
To determine whether this interaction also occurs in vitro, GST pull-down assays were performed by using GST-Tat 101 and either (i) in vitro-translated fragment of mouse TAF II 250, (ii) full length recombinant human TAF II 250 (hTAF II 250), or (iii) native hTAF II 250 from nuclear extracts. Tat 101 binds efficiently to the mTAF II 250 fragment: GST-Tat 101 bound to the in vitro-translated fragment of mTAF II 250 significantly better than did either GST alone or an irrelevant fusion protein, GST-SNAP23 ( Fig. 2A ; Table 1 ). GST-Tat 101 also bound native hTAF II 250 from HeLa nuclear extracts significantly above the background levels of GST alone (Fig. 2B) . Tat is known to bind TBP, another component of the TFIID complex (17) . To eliminate the possibility that binding of Tat to hTAF II 250 occurred indirectly through TBP, a Tat 101 derivative, Tat 101 K41T, that no longer binds TBP was tested. Whereas the wild-type GST-Tat 101 bound TBP, the mutant GST-Tat 101 K41T did not (data not shown). However, the mutant GST-Tat 101 K41T still bound TFIID from HeLa nuclear Table 2 . (B) Western blot of hTAFII250 precipitated from HeLa nuclear extract by GST-Tat101 or GST-Tat101K41T but not by GST alone. Recombinant GST, GST-Tat101, or GST-Tat101K41T were added to excess HeLa nuclear extract and were recovered on glutathione-agarose beads; hTAFII250 was detected with antibody after SDS͞PAGE. (C) Western blot of recombinant full length hTAFII250 precipitated by GST-Tat101, GST-Tat101K41T, or GST-Tat67-101, but not the irrelevant GST-SNAP23 fusion protein. Bound hTAFII250 was detected as in B. In vitro translated 35 S-labeled TAFII250 HincII fragment was incubated with the various GST fusion proteins, as described in Materials and Methods. Binding of the TAFII250 was quantitated relative to the GST control. The results represent the average of four independent experiments. extracts (Fig. 2B) , suggesting an interaction with TAF II 250. Both GST-Tat 101 and GST-Tat 101 K41T also bound efficiently to recombinant full-length human TAF II 250 (Fig. 2C) . Finally, binding of recombinant hTAF II 250 by the second exon fragment of Tat, GST-Tat 67-101 , was detectable and reproducible, although relatively inefficient (Fig. 2C) . Taken together, these results demonstrate a specific interaction between Tat and TAF II 250.
HIV Tat Represses MHC Class I Promoter Transcription in Vitro. The finding that Tat binds to TAF II 250 leads to the prediction that Tat repression results from a direct effect at the class I basal promoter. To test this, Tat's effect on in vitro transcription was assessed. A class I promoter construct extending from the transcription initiation site to 313 bp upstream directs the in vitro synthesis of a correctly initiated transcript; transcription is ␣-amanitin-sensitive (data not shown). In vitro transcription was inhibited markedly by the addition of a GST-Tat 101 fusion protein but not an irrelevant fusion protein, GST-SNAP23 ( Fig. 3A; Table 2 ). The extent of repression increased with increasing concentrations of Tat protein (Fig. 3B) , achieving a magnitude comparable to that observed in vivo (12) . Repression does not depend on the ability of Tat to bind to TBP because the mutant Tat 101K41T , which does not bind TBP, is as effective in repressing class I transcription as native Tat 101 (Table 2) . Finally, repression is specific for the class I promoter: Tat does not repress in vitro transcription of either the HIV LTR or an unrelated promoter, the MuLV LTR (Table 2) . Thus, Tat directly represses class I promoter activity.
The second exon-encoded C-terminal domain of Tat (amino acids 67-101) is responsible for repression in vivo (11, 15) . In fact, in transfected HeLa cells, a fusion protein consisting of the isolated 67-to 101-aa C-terminal fragment and the DNA binding domain of GAL4 (GAL4-Tat 67-101 ) repressed by 3-to 10-fold the activity of a class I promoter containing 5 gal4 sites (data not shown). This second exon encoded peptide also is capable of repressing transcription in vitro. Thus, addition to the in vitro transcription reaction of GST-Tat 67-101 efficiently repressed class I transcription (Fig. 3 A and B) . In contrast, a GST-Tat fusion protein containing only first exon sequences, namely GST-Tat 1-67, had no effect on class I promoter activity in vitro ( Fig. 3A; Table 2 ). Thus, the C terminus of Tat is sufficient to repress class I promoter activity.
The above data suggest that repression of class I transcription results from the interaction between Tat and TAF II 250. To determine whether this is the case, we tested the ability of the Tat-binding mTAF II 250 fragment (amino acids 848-1034) to relieve Tat repression of class I promoter activity in vitro. As shown in Fig. 3C , addition of increasing amounts of the mTAF II 250 fragment reversed Tat-mediated repression. Addition of an irrelevant control protein had no effect. (It is interesting to note that the mTAF II 250 fragment, at the highest In vitro transcription reactions with each of the three promotersclass I, HIV LTR, and MuLV-were performed by using the promoters fused to the CAT gene. Recombinant GST fusion proteins (0.5 g) were added where indicated. A and B quantitate the results of two independent and representative experiments using the class I promoter. Analysis of the HIV and MuLV LTRs were done in parallel with the class I promoter experiments; each has been repeated twice. HAT activity was determined as described in Materials and Methods. Recombinant GST fusion proteins (0.5 g) were added where indicated. The data in A are derived from four independent experiments, using two different assays, with a single enzyme preparation. The data from B are derived from three independent filter assays, with 250 ng of two different enzyme preparations. *The two-tailed Student's t test was used to compare the effect of GST-Tat101 to that of GST alone.
concentration, modestly activated transcription; this observation is under investigation.) Taken together, these data are most consistent with the interpretation that Tat represses in vitro transcription through a direct interaction with TAF II 250. HIV Tat Inhibits the Histone Acetyl Transferase Activity of TAF II 250. The fragment of mTAF II 250 isolated in the yeast two-hybrid screen and shown to interact with Tat extends from amino acids 848 to 1280. The drosophila homolog of TAF II 250, dTAF II 230, recently has been found to contain HAT activity, which maps to a region between 885 and 1140 amino acids (27) . Initial mapping on mouse TAF II 250 of the Tat binding site localized it to a polypeptide, encoded by a HincII DNA fragment, that is 100% homologous to human TAF II 250 protein, amino acids 848 to 1034, and 77% homologous to the drosophila TAF II 230 (dTAF II 230) (Fig. 1B and data not shown) . Because the Tat interaction domain of TAF II 250 overlaps with the corresponding HAT domain in dTAF II 230 (Fig. 1 A) , we examined the effect of Tat on HAT enzymatic activity. Tat 101 protein, added as a GST fusion protein, efficiently inhibited the HAT activity of dTAF II 230 (Table 3) . Inhibition increased as a function of the concentration of added Tat 101 (data not shown). This inhibition is significant and was not observed with control GST protein or with an irrelevant fusion protein, GST-SNAP23 (Table 3) . Inhibition of HAT activity depended on the second exon peptide because one exon Tat 1-67 did not significantly affect the HAT activity (Table 3B ). Tat 101 itself was not acetylated by dTAF II 230 and thus did not act simply as a competitive sink (data not shown). This inhibition by Tat 101 of the dTAF II 230 HAT activity suggests that Tat 101 also would inhibit hTAF II 250 HAT activity. The ability of two-exon, but not one-exon, Tat to inhibit dTAF II 230
HAT activity also correlates with the ability of two-exon, but not one-exon, Tat to repress MHC class I promoter activity.
Promoters Susceptible to HIV Tat Repression Depend on TAF II 250 for Function. The role of TAF II 250 in transcription is not fully understood (27, 29) . Analysis of cell lines carrying a temperature-sensitive point mutation of TAF II 250 reveals that many, but not all, promoters depend on TAF II 250 (21, 22, (30) (31) (32) (33) . The observed interaction between Tat 101 and TAF II 250 leads to the prediction that the MHC class I promoter should be among those dependent on TAF II 250. To assess the TAF II 250 dependence of the class I promoter, we examined its activity in the TAF II 250 temperature-sensitive cell line tsBN462. As shown in Fig. 4 , class I promoter activity was impaired markedly at the nonpermissive temperature, demonstrating that it depends on TAF II 250. Inhibition of class I promoter activity is a consequence of the TAF II 250 mutation because transfection of wild-type hTAF II 250 into the tsBN462 cells restored promoter activity (data not shown). Similarly, the ␤ 2 -microglobulin promoter, which is repressed also by Tat (I. Carroll, T.K.H., J.W., and D.S.S., unpublished observations) is likewise dependent on TAF II 250 (Fig. 4) . Conversely, if Tat repression depends on its interaction with TAF II 250, promoters known to be insensitive to Tat repression should not require TAF II 250 for activity. Because the viral promoters͞enhancers of SV40 (pSV2) and MuLV are not repressed by Tat 101 (11, 12) , we examined their dependence on TAF II 250 in tsBN462. As predicted, these promoter͞enhancers were fully active at the nonpermissive temperature, indicating that functional TAF II 250 is not required for their activity (Fig. 4) . The HIV LTR is also active in tsBN462 at the nonpermissive temperature (data not shown). Thus, for the promoters we have examined, susceptibility to Tat repression correlates with dependence on TAF II 250.
This correlation can be extended to a single promoter whose susceptibility to Tat mediated repression can be modified by upstream enhancer elements. Viral enhancers confer on the SV40 basal promoter resistance to Tat repression (12) ; although the minimal promoter (pSV3) is repressed by Tat, the extended enhancer͞promoter of SV40 (pSV2), containing the 72 bp viral enhancer, is resistant to Tat repression (12) . As shown in Fig. 4 , these promoters also differ in their dependence on TAF II 250: in the tsBN462 cells, the minimal pSV3 promoter is inactive at the nonpermissive temperature whereas the extended pSV2 enhancer͞promoter is fully active. These results demonstrate a strong correlation between susceptibility to Tat-mediated repression and dependence on TAF II 250 for promoter activity. They further indicate that promoter requirements can be altered or modulated by upstream enhancer elements.
Tat Represses Transcription from TATAA and Inr Promoters. The interaction of Tat with TAF II 250 suggests that Tat mediates repression through the transcription initiation complex. If so, then susceptibility to this repression should not be restricted to a single promoter element or activator. To test this prediction, we examined Tat's ability to repress basal and activated transcription from a set of synthetic promoter constructs: a TATAA element derived from the AdMLP, an initiator (Inr) element derived from the TdT promoter, and a construct containing both the TATAA and Inr (23) . Each synthetic promoter was fused to a tk reporter gene and was flanked by 5Ј gal4 binding sites to allow activation by the activators GAL4VP16 or GAL4Sp1. In the presence of two-exon Tat, the activities of all three promoters were reduced, as compared with either a vector control (Table 4) or one-exon Tat (data not shown). Repression was independent of either the basal promoter element or activator. Thus Tat does not target a specific promoter element or activator but, rather, functions through the common transcription initiation complex itself, consistent with its binding to TAF II 250.
DISCUSSION
The present observations significantly extend our original model of Tat as a bifunctional protein with separable and distinct FIG. 4 . Promoter sensitivity to TAFII250 correlates with sensitivity to Tat-mediated repression. A series of promoters linked to the reporter CAT with known sensitivities to Tat-mediated repression (as indicated) were transfected into tsBN462 cells. Promoter activity was measured at the permissive (32°C) or restrictive (39°C) temperatures. To allow a direct comparison of the different promoters, activity was normalized to the activity of each at 32°C. Promoters sensitive to Tat repression were 313 (class I), b2 m (␤2microglobulin), and pSV3 (basal SV40 promoter); resistant promoters were pSV2 (SV40 enhancer͞ promoter) and MuLV (murine leukemia virus). Each of the promoter constructs, fused to a tk reporter gene, was transfected into HeLa cells in the presence or absence of either GaIVP16 or GaISp1 and in the presence or absence of Tat. Promoter activity was determined by primer extension assays of RNA isolated from transfected cells, as described (23) . The results are expressed as the ratio of promoter activity in the presence or absence of Tat and are the average of 3-4 independent transfections. -, no detectable activity. (17) (18) (19) (20) 34) . Tat also interacts with a TFIIHassociated kinase, resulting in enhanced kinase activity (35) . Of interest, all of the interactions with cellular proteins that result in promoter activation occur with the N-terminal activation domain of Tat. In contrast, the interaction of Tat with TAF II 250 was observed by using the C-terminal repression domain. Based on the present studies, we now propose that these structural domains interact with distinct sets of proteins. The transactivation domain of Tat interacts with transcription factors to enhance their activities-acetylation, phosphorylation-thereby augmenting transcription. The C-terminal repression domain interacts with TAF II 250 to reduce transcription. Together, these factors modulate levels of repression and activation. Transcription initiation depends on the recruitment of general transcription factors to the promoter. Among these is the general transcription factor TFIID, which nucleates the transcription initiation complex (36) . TFIID contains the TBP in association with the TBP-associated factors (TAFs). TAF II 250, the largest component of TFIID, recently has been shown to possess HAT activity (27) . The notion that HAT activity is important in initiating transcription is strengthened by the finding that at least two other transcriptional coactivators, p300 and CBP, are also histone acetyltransferases (37) .
The observation that the site of interaction of HIV Tat with TAF II 250 is coincident with the HAT domain and results in the inhibition of HAT activity raises the possibility that Tat repression of class I transcription may be mediated through its inhibition of HAT activity. It has been speculated that TAF II 250 acetylates nucleosome core histones, relaxing chromatin folding and facilitating transcription from chromatin templates (27, 28) . However, as shown here, Tat inhibits in vitro transcription from naked DNA. Thus, either Tat's inhibition of TAF II 250 HAT activity is unrelated to its repression of transcription or the substrates of the TAF II 250 HAT activity are not limited to nucleosomal histones. Consistent with the possibility that protein acetylation functions as a regulatory mechanism is the recent report that the protooncogene p53 is acetylated, which results in increased sequence specific DNA binding (38) . Recently, a Tat-interacting cellular protein, Tip60, was isolated (39) . Although its function is not known, Tip60 contains a HAT domain (16) . The fact that Tat interacts with both TAF II 250 and Tip60-two otherwise unrelated proteins-suggests that the HAT activity may be an important target for Tat. Future studies should be directed at distinguishing these possibilities.
HIV-1, which infects CD4ϩ T cells and monocytes, is able to avoid immune surveillance to establish a persistent infection that ultimately leads to a profound immunodeficiency (1, 14, 33) . One mechanism by which HIV-1 may avoid elimination by the immune system is through its down-regulation of MHC class I expression (11, 13) . At least three viral proteins are known to affect levels of class I. The viral proteins Nef and Vpu both reduce cell surface expression of class I heavy chain molecules whereas Tat represses class I gene transcription (13, (40) (41) (42) . The present studies demonstrate that Tat directly affects levels of transcription through its selective interactions with components of the transcription initiation complex. Its interaction with TAF II 250 through the second exon domain represses the class I promoter. We propose that this repression, together with the effects of Nef and Vpu, leads to reduced surface levels of class I on HIV infected cells. This reduced expression provides a mechanism for the virus to avoid immune surveillance.
